HPLC analysis 2
Detection of sugars before and after enzymatic hydrolysis was performed 3 using high-performance liquid chromatography (HPLC) equipped with a refractive 4 index detector (RID-10A, Shimadzu, Japan) using an Aminex HPX-87P column (7.8 5 mm I.D. × 30 cm, BioRad, USA) with a Carbo-P micro-guard cartridge. The column 6 oven was set at 80°C and samples were eluted at 0.60 mL/min with water. Acetic acid, 7 furfural, hydroxymethylfurfural, and other chemical compounds were prepared and 8 analyzed as reported earlier (Inoue et al., 2008) . 9 10 3.
Results and discussion 11
Component analysis of OPMF 12
As shown in Table 1 , the dry basis of OPMF compositions used in this study 13 was determined to be 25.0% cellulose, followed by 25.7% hemicellulose, and 25.5% 14 lignin. The content of OPMF was comparable to other studies (Iberahim et al., 2013) , 15 however all compositions were relatively lower than that reported by Nordin et al. 16 (2013). The extractive was detected higher in this study due to difference in preparation 17 of raw material whereas samples were sun dried prior cutter milled instead of washing 18 and cleaning that removed excess oil from oil palm extraction process (Nordin et al. 
Pretreatment of oil palm mesocarp fiber 2

Effect of ball milling pretreatment 3
OPMF samples were ground to a size under 2 mm by cutter mill prior to ball 4 milling experiment. Ball milling pretreatment of OPMF by an appropriate milling 5 period was aimed to reduce the particle size, increase its surface area and reduce the 6 crystallinity index of cellulose thus enhancing its enzymatic digestibility and biosugar 7 conversion. As shown in Table 2 , reduction of particle size was recorded about 42.6% 8 for a ball milling time of 240 min. The enzymatic hydrolysis of ball-milled treated 9
OPMF was performed to observe the efficiency of ball milling pretreatment and the 10 yield of xylose and glucose were recorded (Table 2) . Even though xylose and glucose 11 conversion yield increased with ball milling time, the conversion yields obtained from 12 this study were low compared to other studies (Hideno et not amenable to degradation by BM pretreatment giving a low reduction in particle 5 size, CrI and sugar yields, indicating a small effect on the chains and minimal damage 6 to the cellulose-hemicellulose-lignin network. Other pretreatment methods should be 7 explored to alter and unravel the rigid structure of OPMF. 8 9
Effect of NaOH pretreatment 10
Chemical pretreatment of OPMF was performed by addition of NaOH at 11 various concentrations and incubated at 50°C for 3 h. This experiment was performed 12 to clarify whether the addition of alkali would improve the conversion yield of sugars. 13 The yield of xylose and glucose gradually increased over higher NaOH concentrations 14 and reached the highest conversion at 20.5% and 46.5% respectively when 2.5% NaOH 15 was used (Table 3) . Improved sugar conversion yields from NaOH-treated OPMF 16 Impregnation of NaOH at varying concentrations has reduced the Klason lignin content 5 by 41.2%-66.1% at 1.5% and 2.5% NaOH respectively. It was obvious from this study 6 that chemical composition of OPMF changed differently at acidic and alkali 7 hydrothermal reaction. In alkaline hydrothermal reaction, only 23.6% hemicellulose 8 degradation was recorded with higher cellulose percentage, 48.9% at 1.5% NaOH 9 addition compared to untreated and hydrothermally treated samples. There was no 10 lignin droplet found as supported in Fig.S6g-i .The treated biomass solid was subjected 11 to enzymatic hydrolysis and the efficiency of the pretreatment developed was 12 expressed by the yield of hydrolysed sugars produced. There was an increasing xylose 13 and glucose conversion towards higher NaOH dosage, achieving the highest 14 conversion of 46.5% and 63.9%, respectively when 1.5% of NaOH was added and this 15 was relatively higher than untreated and whole slurries of hydrothermal-treated OPMF 16 sample. Our results suggested that hydrothermal with and without impregnation of 17 NaOH has improved the xylose and glucose conversion compared to untreated sample. properties of OPMF fibers with no substantial reduction of CrI value as supported by 20 previous analysis (Fig. S4) . From data obtained, there is no direct correlation between 21
CrI of cellulose and enzymatic digestibility since both hydrothermal (with and without 22 and lignin has greater impact than reduction of CrI of cellulose and particle size. This 17 may conclude that the addition of NaOH as low as 1.5%, successfully broke down the 18 ester bond between lignin and carbohydrate linkages, loosening up the fibrils and 19 making OPMF more fragile that eased in the ball milling process. 20
The effect of cellulase loadings on enzymatic hydrolysis of alkaline 21 hydrothermal-mechanochemical treated OPMF is presented in Fig. 2. As widely  22 understood, lower cellulase loading in the enzymatic hydrolysis of biomass will bring 23 down the total production cost, however the rate of sugar conversion was rather low and 24 needed longer treatment time. In this work, several pretreatments and combination of 25 -21 -pretreatments were investigated to obtain minimum cellulase loading in the enzymatic 1 hydrolysis step. The conversion of OPMF into xylose and glucose achieved more than 2 70% at cellulase loadings 5 and 10 FPU/ g -substrate when incubated for 72 h and 3 exhibited total conversion yield which correlated well with cellulase loadings. The 4 results obtained here are comparable to those reported earlier (Inoue et al., 2008) . 5
Faster conversion rates were observed when the samples were loaded with higher 6 enzyme activities at 40 and 80 FPU/g-substrate with more than 85% of total conversion 7 yields obtained after 24 h incubation period. Lower xylose and glucose conversions at 8 60.7% and 87.0% were reported when the OPMF was hydrolyzed at 60 FPU/ 9 g-substrate using sole NaOH pretreatment Tables  5   6   Table 1 Composition of OPMF used in this study and compared from previous reports 7 8 Table 2 Effect of BM-treated OPMF on particle size and crystallinity index, xylose and 9 glucose 10 1 Crystallinity index of BM-treated samples determined by wide-angle X-ray diffraction 11 and calculated as described in material and methods section. 12 2 Determined by HPLC 13 14 10.3 ± 2.6 14.9 ± 1.8 Table 3 Yield of hydrolyzed sugars (%)
Pretreatment
1
Glucose Xylose Untreated 4.1 ± 1.5 10.9 ± 0.6 NaOH 1% 28.4 ± 3.4 17.6 ± 1.3 NaOH 1.5% 40.4 ± 1.3 22.4 ± 0.5 NaOH 2.5% 46.5 ± 6.9 20.5 ± 3.9 Table 4 Severity factor (log Ro) 
